Dr. Matthew T. Siniawski is an Associate Professor in the Department of Mechanical Engineering at Loyola Marymount University. He has advised over 40 different senior capstone project design teams since 2004, and is particularly interested in the design of assistive devices for children with disabilities. He is a an active proponent of service-learning and is interested in understanding how such experiences impact the technical and professional development of engineering undergraduate students. 
Introduction
Service-learning in the engineering disciplines utilizes service as a vehicle for both professional and technical knowledge gains. The use of service in engineering education in the United States began in the 1990s (e.g., see Tsang et al. 1 and Duffy 2 ) and has recently increased based on the need to reconsider the priorities of the professoriate, 3 a desire to improve human conditions to fulfill higher education goals, 4 and to meet the interest and demand of students and faculty across the nation. Many engineering programs are exploring ways to offer new and meaningful service experiences for their students.
Since 2009, first year engineering students at LMU, a primarily undergraduate private liberal-arts institution, could participate in service-learning projects through an engineering living-learning community (LLC). This LLC is named Program for an Engineering Education Community (PEEC) and has included six student cohorts since its inception. The PEEC program is designed with a 3-credit introduction to engineering course in the fall semester followed by a 1-credit course in the spring, with the intention that the service project planning occurs in the fall and implementation in the spring. Of the approximately 110 incoming first year engineering students each year, the program is limited to about 25 students per year and continually reaches full capacity. Students are selected for the program based on interest and to create as much academic, ethnic, and gender diversity as possible. Past projects have included designing and installing a playground and a greywater irrigation system at a transitional residence for single women and women with children, conducting water quality and hydrologic measurements in a wetland, and designing engineering lesson plans and activities for a public STEM elementary school. The 2014 PEEC cohort continued the work with the elementary school to develop engineering lessons plans and design competitions for students involving solar cars, water filters, and a geothermal plant. These projects were selected in conjunction with the school staff to highlight the features in the school's LEED-certified infrastructure and surrounding habitat.
LMU first year engineering students not enrolled in PEEC were also given the opportunity to participate in a service-learning project in 2014 as part of their introduction to engineering course. In particular, these students partnered with the teachers and students at WISH Charter, a public K-8 charter school dedicated to providing an inclusive educational environment for all children. Teams of engineering students were paired with an individual classroom and worked to design engineering solutions to meet the particular needs of that classroom and teacher. Projects ranged from designing engineering lesson plans, building interactive demonstrations of different engineering concepts, and creating custom assistive devices for students with disabilities. The WISH Charter students learned about the engineering design process and design thinking by building and testing rubber band cars, designing and building wooden bridges, and designing a random name generator for their teacher. The engineering student teams also built different interactive pulley demonstrations, a large solar system model, a beanbag catcher, a camera vision system for a student who is legally blind, and a fidget chair. The teams followed the project timeline and completed various deliverables as shown in Figure 1 (the fidget chair project is used as an example). 
Fidget Chair
Broadening our offerings for service-learning opportunities places greater emphasis on studying the impact of these interventions to maximize their benefits and to measure the value added. Studies indicate that the knowledge and skills gained by students participating in service-learning projects are at least on par with gains from traditional project-based learning 5 . According to Barrington and Duffy (2010) , general benefits to students include increases in subject matter comprehension, GPA, retention, critical thinking skills, tolerance for diversity, writing skills, and citizenship 6 . Specific gains in both professional and technical skills have been reported. For example, in a recent study by Carberry et al. (2013) , engineering students on average identified that 45% of what they have learned about technical skills and 62% of what they have learned about professional skills was gained through their engineering service experience 7 . Female students credited service experiences as their source of both professional and technical skills significantly higher than male students, which was consistent across academic years 7 . Furthermore, Swan & McCormick (2009) found that students with service-learning experience scored better in technical areas on measures of analytical, practical and creative skills 8 .
This paper builds from past scholarship and continues these efforts to understand the added value of offering service-learning opportunities in first year engineering courses by examining how such experiences impact student confidence with various technical and professional engineering skills.
Research Methods
A mixed-methods approach was used to assess the impacts and added value of service-learning on the 2014 first year engineering students at LMU. A total of 111 students were enrolled in four sections of introduction to engineering during the fall semester of 2014. Two sections (with 56 students total) followed a traditional course format that focused on different project modules, such as designing and testing water filters, building and testing small-scale wooden bridges, and programming a robot. Two sections (with 55 students total) implemented a service-learning project, as previously mentioned. Pre and post assessments of the participating students were conducted. Demographic information was also collected to monitor if differences arose between students grouped by specific demographic factors. The assessment was conducted in accordance with approved Institutional Review Board procedures and participation by students was voluntary.
Engineering Design Self Efficacy and Learning Outcomes
Changes in student confidence in both technical and professional skills were quantitatively measured. An instrument was created using a combination of a previously validated engineering design self-efficacy instrument 9 and a modified version of the validated National Engineering Students' Learning Outcomes Survey (NESLOS) instrument 7, 10-11 . Self-efficacy, or an individual's confidence about his or her ability, is shaped by experiences, persuasions, and physiological states 12 . The inclusion of a measure of engineering design self-efficacy will provide a gauge of how the service-learning projects impact student confidence in conducting various engineering design tasks. The NESLOS instrument measures both technical-engineering design subject-matter knowledge and professional-personal skills. Pre-and post-course, all students were asked to rank their confidence on a sliding scale from 0-100 as it relates to various technical and professional skills. The instrument is included in Appendix A. The average percent change in self-reported confidence from pre to post intervention was determined for each question.
Critical Reflections
Reflection is an integral component of service learning, as it requires students to evaluate the connections between their service experience and the overall learning outcomes goals. At the conclusion of the course, all students were invited to qualitatively reflect on what they learned in terms of personal development, social impact, academic enhancement, university mission, and ethics 13 . Students were asked to pick and respond to two out of five reflection prompts. The instrument is included in Appendix B. An open-coding approach was taken to identify emergent categories in the reflection responses [14] [15] . One member of the research team first read each student's response to determine a set of categories compiled into a rubric. The rubric was then used to code each student's response. A second rater then used the rubric to test its reliability across raters. A second member of the research team coded each student's response using the first rater's codes until agreement was reached. Changes to the coding rubric were made to establish a high inter-rater reliability between the two raters.
Results

Engineering Design Self Efficacy and Learning Outcomes
A total of 72 students completed the pre and post assessment instruments, representing an overall response rate of 65%. The student responses to all of the engineering design self-efficacy and learning outcome questions were averaged and the percent increase from pre to post was determined, as shown in Table 1 . Data is presented for all students participating in the traditional course and the service-learning course. Responses from female students were isolated and are presented. A paired two-sample t-test was conducted to determine the p-value of the percent increase from pre to post, the majority of which were found to be less than 0.01.
In general, female students had a slightly lower average confidence level with their technical engineering skills coming into both courses (average of 50.4), in comparison to all of the students combined (average of 56.4). However, the confidence levels in technical skills of the female students were equal to that of all students in the traditional courses post intervention. Similarly, female students in the service-learning courses had similar post confidence levels in technical skills compared to all students combined. All students in the service-learning courses had higher post confidence levels with technical engineering skills in comparison to all students in the traditional courses. In addition, female students who participated in the service-learning courses had higher post confidence levels in technical skills compared to female students who were in the traditional courses.
All students were fairly equal at the beginning of the courses in regards to their confidence in professional skills. Students who were in the service-learning courses had higher post confidence in professional skills compared to students in the traditional courses, with no observable differentiation between female students and all of the students combined.
The average percent increase in student confidence from pre to post is presented in Table 1 and Figure 2 . The error bars in Figure 2 represent the standard error of the mean. All students who participated in the service-learning courses reported higher gains in both technical and professional confidence when compared to students in the traditional courses. Female students in the service-learning courses showed similar increased gains in confidence. The most pronounced shift was the increased confidence in technical engineering skills for female students who participated in service-learning projects, with an average percent increase in confidence from pre to post intervention of 81.6%. Student responses from individual questions regarding confidence in specific technical engineering skills were further investigated. In particular, the pre and post data from questions that related to identifying, understanding, and establishing design requirements and the design and stakeholder needs (questions 2 through 4 in Appendix A) are listed in Table 2 . The average percent increases in student confidence from pre to post are also presented for these three specific technical engineering skills in Figure 3 . The error bars in Figure 3 represent the standard error of the mean. The data trends were very similar to those shown in Table 1 and Figure 2 . In general, all students participating in the service-learning courses showed higher gains in confidence than students in the traditional courses. Moreover, the most significant gains were among the female students who participated in the service-learning projects as they reported higher gains in confidence in their technical skills than their peers. 
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Critical Reflections
Of the five reflection questions, the majority of the students chose to answer question 3, which asks how the course enhanced their academic experience, particularly in regards to what they learned about engineering and design. An open-coding approach was taken to identify emergent categories in question 3 since this had the highest student response rate. Table 3 . Coding categories for reflection question 3.
The most striking emergent category focused on identifying and understanding the stakeholder needs and design requirements. Figure 4 presents the frequency in which the different student participants listed this code in their reflection response. 46.4% of all the combined students involved in the service-learning courses indicated the importance of stakeholder needs and design requirements, compared to 4.5% of the students in the traditional courses. Apparent differences emerged among the female students, as 0% of the female students in the traditional courses did not mention anything in their response about considering stakeholder needs or design requirements while 50.0% of the female students in the service-learning course did. Some examples of student responses related to stakeholder needs and design requirements are provided below. By participating in service learning, students had the opportunity to interact with real stakeholders (in this case, the respective elementary school staff and students) to design and modify their projects. The students applied engineering principles to solve real issues, while also developing valuable professional skills. In some cases, students reported that when they included others in the design process, they developed empathy. As the following response shows, working with and for others can extend far beyond the immediate service-learning experience. 
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Discussion and Recommendations
In general, this preliminary research indicates that first year engineering students who participate in service-learning courses report higher confidence gains in both technical and professional engineering skills when compared to students enrolled in traditional courses. The most noticeable impact was on female students who participated in service-learning courses. In particular, female first year engineering students who participated in a service-learning course showed the highest gains in confidence with both technical and professional engineering skills. These trends were consistent with regards to specific technical engineering skills involving identifying and understanding stakeholders needs and design requirements. The qualitative data correlates to these results and showed that the first year engineering students who participated in service-learning courses indicated that they learned about stakeholder needs and design requirements to a much higher degree than students who participated in a traditional course.
Although this study was limited to one cohort at LMU, the results are consistent with similar studies [6] [7] [8] . Service-learning has significant potential to positively impact first-year engineering students, particularly female students. The first year engineering students who participated in service-learning courses felt much more confident with their technical engineering skillset. The higher gains in confidence can be attributed to the students learning more about how to identify and understand the stakeholder needs and design requirements.
Based on the results of this study, our general recommendations for other institutions looking to implement similar service-learning engineering projects include the following:
• Empathy is the first step. Ensure that the engineering students learn the importance of listening to the project stakeholders and understanding their needs.
• Inclusion is vital. Include the stakeholders in the design process as much as possible.
Meet and interact with your stakeholders frequently.
• Identify a point of contact within your partnering organization for each student team.
Have the students work directly with that point of contact.
• Plan to spend at least five years working with your community partner. Faculty advisors need to be dedicated and rewarded appropriately in terms of workload.
